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SUMMARY

The Fourth Meeting of the NASA Research and Technology
Advisory Council, Ad Hoc Panel on Terminal Configured
Vehicles was held on July 21-22, 1976, at the Langley
Research Center, Hampton, Virginia. The meeting was open
to the public.

The Panel took the following actions:

1. Recommended a revision of the goal, major
objectives, and areas of emphasis for the
Terminal Configured Vehicle Program.

2. Resolved that the Panel supports the ongoing
NASA-Langley oculometer research and suggests
that this effort has considerable potential in
developing new cockpit display arrangements
including advanced display concepts and for
flight training improvement.
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OPENING REMARKS AND WELCOME

The Panel was welcomed to the Langley Research Center by
Mr. James E. Stitt, Director for Electronics. Chairman
Gorham also welcomed members and visitors to the meeting.

APPROVAL OF MINUTES

The minutes of the previous meeting were approved as
written.

EXECUTIVE SECRETARY's REPORT

Mr. Kenneth E. Hodge reviewed recent changes in the NASA
Headquarters organization and key personnel changes affect-
ing OAST. Dr. Lovelace is now Deputy Administrator of NASA.

Mr. Robert E. Smylie is Acting Associate Administrator for
Aeronautics and Space Technology and Dr. James J. Kramer is
Acting Deputy Associate Administrator, OAST. Dr. Kramer
remains also as Director, Aircraft Energy Efficiency Division.

Mr. Hodge showed some charts which depicted NASA budget

trends during recent years showing the continuing growth
in the NASA aeronautics program.

CHAIRMAN's REPORT

Mr. Gorham informed the Panel members that the formal recom-
mendations resulting from previous meeting in September

had been approved by the parent committee. He stated that

Mr. Stitt, Mr. Reeder and their staffs, have been making

an earnest effort to follow the recommendations and in
defining a TCV program responsive to the Panel recommendations.
The Chairman had worked closely with TCV program management
personnel between Panel meetings and had kept the Panel
members informed of their progress in defining the TCV

program. He had requested Panel members to submit comments



to him on the program content. He reported that most

members felt that the strawman program definition had resulted
in a program of wider scope than can be carried out with
available resources in the next few years. During the

course of this Panel meeting, an attempt will be made to

pare down the goals and tasks to something more manageable

and realistic.

Review and Discussion of Upgraded Goals and Objectives of
The Terminal Configured Vehicle Program: At a meeting of
the Panel on Aeronautical Operating Systems on October 29-30,
1975, it was recommended "that the near-, mid-, and long-
term objectives of the TCV program be more clearly defined
in the context of current as well as future aircraft systems
compatibility and the research goals of the TCV program".
Mr. Reeder presented NASA's response to this recommendation.
The TCV programs goals, objectives, and areas of emphasis

as defined by the TCV Program Office at Langley are as
follows: , '

TCV Program Goals: Provide CTOL aircraft and flight manage-
ment technology that will benefit terminal area operations.

The major objectives to achieve the goal are:
I. Improve terminal area capacity and efficiency.

II. Improve approach and landing capability in adverse
weather. ‘

III. Reduce noise impact through operating procedures.

Areas of Emphasis:

I. Improve terminal area capacity and efficiency.

A. Airborne systems and procedures which aid in
the evaluation of, and provide supporting in-
formation for ATC system evolution (cooperation
with FAA):



Define and evaluate transition techniques
and maneuvers from RNAV to MLS guidance

through landing that will permit close-in
MLS acquisition, including downwind entry,
and stabilized flight within MLS coverage.

Examine techniques and configurations for
maximum utilization of MLS-provided information
and simplification of onboard system interfaces
and sensor redquirements.

Define and evaluate advanced profiles and
flight procedures for fuel conservation,

noise alleviation, pilot and passenger
acceptance, airspace productivity, operational
flexibility and ATC compatibility.

Evaluate displays, procedures and options
for crew participation in traffic control
which could improve safety in congested air
space or add capacity to the ATC system.

Explore simplified crew interfaces with ATC,
including better ways to display navigation
and clearance communications for the pilots'
rapid assimilation and assessment.

Airborne systems and procedures for increased
runway capacity:

1.

Demonstrate curved-path following that could
permit reduced runway separation requirements
for simultaneous approaches through reduction
of overshoot and tracking errors.

Investigate the degree to which aircraft con-
figuration and procedural changes could reduce
longitudinal separation and enhance the run-
way feeding process.

Explore the use of EL-2 for landing guidance to
reduce longitudinal touchdown dispersion.

Explore the reduction of runway occupancy time
through controlled automatic braking, guided high-
speed turnoff, improved aircraft ground-handling
gualities, and appropriate pilot displays.



II. Improved approach and landing capability
in adverse weather

A.

Human factor elements that contribute to effec-
tive flight management operations.

1.

Investigate combinations of automated func-
tions and piloting tasks that command major
crew attention entail excessive workload,
or require special training to achieve
effective flight management performance.

Explore critical information needs and deci-
sion processes for crew intercedance during
man/machine/environment interactions, includ-
ing transition to outside cues for landing

in very poor visibility (cooperation with
Ames).

Evaluate display requirements, including
format, field of view, motion cues, and
real-world perspective, for approach, landing,
roll-out, high-speed turnoff and taxi opera-
tions in very poor visibility (cooperation
with Ames).

Explore simplified computer- -address technique,
including methods for direct entry of navi-
gation way-point data into a display
(cooperation with Ames)

Effective combinations of displays, automatic
controls and procedures for performing precision
approach and landing operations under poor
visibility conditions.

1.

Explore and define approach and landing
display requirements in term of data
sources, techniques for data presentation
and redundancy options.



Reduce wind shear effects through predictive
techniques in autoland design and by dis-
playing information for pilot thrust manage-
ment and flight path control.

Investigate flight path control concepts

and operating procedures to improve handling
qualities, flight path prec¢ision, and
productivity of airborne operations.

Examine critical elements of the airborne
system, including the crew, displays, auto-
matic control and navigation systems,

and define hardware and software techniques,
revision modes, and validation and moni-
toring requirements leading to improved
reliability of system simplification.

Determine the weather-penetrating potential
of airborne sensor technology.

III. Reduce Noise in the Terminal Area Through Operating
Procedures

A. Effective flight profiles and configurations:

1.

Examine effect of curved paths (within MLS
coverage) on noise footprint and distribution.

Examine effect of decelerating techniques

(thrust and configuration) on noise foot-

print and level.
Explore higher angle approaches achieved
through use of advanced automatic controls

and pilot displays.

Evaluate the potential of powered wheels

for taxi operations.



Discussion:

Panel members had been given a copy of the above goals and
objectives prior to the meeting and were prepared to make
positive recommendations on each item. It was agreed that
"terminal area operations" should commence from the start
of letdown. After considerable discussion the Panel
recommended that the TCV Program Objectives be revised as
follows:

TCV Program Goal:

Identify aircraft and flight management technology that will
benefit CTOL terminal area operations.

The Major Objectives to Achieve the Goal are:

Conduct research that will support improvements in:
1. Terminal area capacity and efficiency.

II. Approach and landing capability in adverse weather.
III. Reduction of Noise Impact.

Areas of Emphasis:

1. Improve terminal area capacity and efficiency

A. Airborne systems and procedures which aid in the

evaluation of, and provide supporting information
for, ATC system evolution (cooperation with FAA):

1. Define and evaluate transition techniques
and maneuvers through landing that will
permit close-in acquisition of runway
heading including downwind entry, and
stabilized flight within MLS coverage
ensuring maximum simplification of onboard
system interfaces and sensor redquirements.

2. Examine the noise characteristics and
potential noise reduction of aircraft
utilizing curved paths in congested terminal
areas.



3. Examine the minimum (simplest acceptable)
and optimum arrangement of information and
displays to help pilots achieve confidence
on the safety and satisfactory execution of
complex approach paths, flown either manually
or automatically.

4. Respond to FAA recommendations in research
efforts which could result in safe maximum
utilization of congested air space or add
capacity to the ATC systém including simpli-
fied crew interfaces with ATC, and better
ways to display navigation and clearance
communications for the pilots' rapid assimi-
lation and assessment.

Airborne systems and procedures for increased
runway capacity:

1. Demonstrate curved-path following that could
permit reduced runway separation requirements
for simultaneous approaches through reduction
of overshoot and tracking errors.

2. 1Investigate the degree to which aircraft
¢onfiguration and procedural changes could
reduce longitudinal separation and enhance
the runway feeding process.

II. Improved approach and landing capability in adverse
weather.

A.

Human factor elements that contribute to effective
flight management operations in cooperation with
Ames' human factors program.

1. Explore critical information needs and deci-
sion processes for crew participation in
terminal area operations, including transition
to outside cues for landing in very poor
visibility.



2. Evaluate dlsplay requirements including format,
field of view, motion cues, and real-world
perspective, for approach, missed approach,
landing, rollout, high-speed turnoff, and
taxi operations in very poor visibility.

3. Explore simplified computer-address techniques,
including methods for direct entry of navigation
way-point data into a display.

B. 1In response to FAA recommendations conduct research
on reduction of wind shear effects by improved
autoland design and optimization of information
for thrust management and flight path control.

C. Determine the weather-penetrating potential of
airborne sensor technology.

III. Reduction of noise impact.
A. Effective flight profiles and configurations:
1. Examine éffect of curved paths (within MLS

coverage) on noise footprint and distribution.

Major Features of the Upgraded Third Generation Air Traffic
Control System:

As one means of complying with the Panel recommendation "that
NASA strengthen and maintain its coordination with FAA to
ensure that the TCV program will relate to and provide
supporting information for air traffic control systems evolu-
tion", NASA requested that the Office of Systems Engineering
Management, FAA, provide a briefing on features of the
Upgraded Third Generation Air Traffic Control System which
could impact or be impacted by the TCV program technology.

Mr. Neal Blake, Acting Director of Systems Engineering
Management, headed a team of briefers from the FAA. The
subjects covered and presenters were:



DABS Mr. William Hyland
Control Message Automation Mr. William Hyland
Aircraft Separation Assurance Mr. William Hyland

RNAV ‘ Mr. Paul Rich

WVAS and Wind Shear Col. Guise Tinsley, USAF

The charts used in these presentations are shown in appendices
A through E.

In addition to features of the UG3RD ATC system, some advanced
system engineering (long range research) activities were
presented as follows:

Overview/Recommendation 18 Program Mr. Neal Blake
Cockpit Human Factors/ Recommendation 10

Program Mr. Harry Verstynen
Fuel Conservative Profiles Mr. Harry Verstynen
Automated IFR ' Mr. Michael Perie

The charts used in these presentations are shown in Appendices
F through I.

Discussion:

Mr. Poritzky reiterated that NASA personnel connected with
the TCV program and Panel members should analyze the FAA
programs to see if the TCV program' can help in any of these
areas. He requested that FAA comment on this possibility.

Mr. Hodge stated that since some of the FAA representatives
were not fully aware of the features of the TCV program,
they probably were not prepared to make any such comments.
However, any comments would be welcomed. '

Mr. Poritzky stated that the whole object of the FAA presenta-
tions is to see if the TCV program can ease implementation
of FAA programs.
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Mr. Litchford stated that he was not in agreement with some

of the overall philosophy of the FAA programs. He felt that
the military aircraft had not been given adequate consideration.
Many military aircraft use Mode C. He feels that the TCV
program and the DABS program should be tied together more
closely.

In relation to the RNAV program, Mr. Poritzky observed tnat
in his opinion the program is validating again many of the
things that are already known. He stated that defining
flight technical errors involves large amount of statistical
data. Data gathered by just one aircraft probably would

not be believed. Mr. Rich responded that large amounts >f
data are available but people would not accept the results.

So he is trying to gather more data which would be believable.
Mr. Litchford stated that RNAV and vectoring must be tied
together to overcome the shortcomings of both.

Relative to the Wake Vortex Avoidance System and Wind Shear
programs, Mr. Litchford expressed concern that measurements
are being made in ground effect yet there is a safety problem
also further back in the approach path. Captain DeCelles
stated that the program should look at the hazards to a
landing aircraft following an aircraft which had executed

a missed approach. Mr. Blake stated that measurements

of situations which Captain DeCelles had described will

be taken.

Following Mr. Verstynen's presentation on Cockpit Human Factors,
Mr. Gorham observed that it would not be sensible to put cost-
effective figures on safety. Mr. Poritzky observed that

when the benefits of a program are increased safety, cost-
effective studies usually result in a lot of wasted effort.

Mr. Verstynen felt that the TCV program can be useful in the
Cockpit Human Factors program. He emphasized that this FAA
program is not yet an approved program but is being formulated
at the direction of DOT (Recommendation #10).

In regards to Phase III (Program for Future Aircraft) of

the Cockpit Human Factors program, Mr. Gorham stated that
industry designs cockpits and makes them safe, FAA Flight
Standards Service certifies that the design is safe, and

that FAR's are not written from research results. Mr. Patten
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felt that FAA is not responding to the intent of the DOT
Committee which made Recommendation #10. He suggested

that FAA present the plan to the Committee to see if in

fact FAA is responding to the Committée's recommendation.
Mr. Blake stated that Committee had been disbanded; however,
the FAA plan will be reviewed by the FAA Executive Committee
before approval.

Mr. Stahr inquired if the Automated IFR Traffic Control
concept can be implemented with existing aircraft instru-
mentation or will the aircraft and pilot need additional
equipment? Mr. Perie responded that this is still an
open gquestion.

Per formance Improvements in Operating Systems which TCV
Program Technology is Projected to Achieved:

A recommendation of the last Panel meeting was "clearly
delineate present system capabilities and show the performance
improvement that the TCV program is projected to achieve".

Mr. Reeder used the charts shown in Appehdix J to show the
expected benefits and quantitative targets, where practical,
of TCV program technology output.

Discussion:

Mr. Andersen stated that he would like more specifics on the
TCV program research activities, what are the deliverables,
and what is the schedule. Mr. Reeder stated that details

of TCV tasks to be conducted during the next year will be
presented later on the Panel agenda.

Mr. Litchford recommended that NASA personnel review the FAA
Advisory Circular on Navigation Accuracy, AC 90-45. He doubts
‘that some of the targets stated by Mr. Reeder can be achieved
technically.

Mr. Poritzky stated that TCV goals are compatible with figures
stated by FAA. He feels that a useful output of the TCV
program would be to show whether the FAA goals can or

cannot be achieved or that such things like DABS are not
required in order to achieve the goals.
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Mr. Reeder used the charts shown in Appendix K to show a
comparison of NASA's B-737 RNAV capability versus a
typical current generation RNAV system.

Results of Studies of Independent Landing Monitor Sensors:

Mr. W. T. Bundick, Radar Systems Section, Flight Instru-
mentation Division, Langley Research Center, used the
charts shown in Appendix L to summarize the results of a
NASA sponsored analytical study by Honeywell Inc. of ILM
sensors. No tests were conducted nor were human factors
or displays considered.

Discussion:

Mr. Andersen asked the difference between this study and

an FAA/Boeing study. Mr. Stitt responded that this NASA
sponsored study was conducted as a result of a recommendation
by the parent RTAC panel for "the quantitative determination
of the weather-penetrating potential of airborne sensor
systems technologies (such as IR and lasers)".

Mr. Poritzky asked Mr. Bundick to define ILM. Mr. Bundick
stated for the purposes of this study, ILM sensors were de-
fined as shown on his second vug;raph.

Captain DeCelles said that the only times he has experienced
a need for these types of sensors were for taxiing for which
there is a need for a wider angle coverage than shown on

the charts. Mr. Bundick stated that he had not foreseen
this requirement. i

Mr. Poritzky questioned the merit of the computer programs
used in the analysis in view of the results obtained for

low light level TV. Mr. Stitt stated that the ranges shown
were computed using the attenuation at these wavelength

by atmospheric water vapor which varied according to the
amount of water vapor present for each of the RVR's examined.
The results show that LLTV is probably not the answer for

a weather penetrating sensor.
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. Litchford asked if leader cables were considered.
Bundick responded in the negative.

. Stitt asked the Panel for a recommendation on whether or
t NASA should continue investigations in this area,
especially on imaging systems? Mr, Poritzky said that hope-
fully NASA should take up where this study stopped. Any
system should provide a real world image that could be
observable and interpreted at a glance. NASA should address
the question of whether a sensor such as FLIR might with
additional research provide a useful pay-off. The documen-
tation of past research results is not what is needed;
rather NASA's research should take-off from there.

2% §F

Captain DeCelles stated that there is a need for a sensor
which penetrates fog. He doesn't think that FLIR will do
this. Mr. Poritzky stated that he ‘had seen the results

of some new developments in FLIR which show some promise of
it being useful in fog. Captain DeCelles recommended that
NASA look into weather radar for use in taxiing in very
poor visibility.

NASA's Response to Previous Panel Recommendations

Mr. James E. Stitt, Director for Electronics, Langley Research
Center, using the charts shown in Appendix M, discussed
what action NASA had taken relative to these recommendations.

In regards to strengthening coordination with FAA, Mr. Stitt
stated that the briefing at this panel meeting and previous
briefings to Langley personnel (approximately annually)

by the Office of Systems Engineering Management, FAA,

were very beneficial and were needed by Langley personnel.
Coordination must be continued. Frequent planning meetings
on TCV activities have been held.

The objectives of the TCV program are being reworked and
have received the benefit of comments and recommendations
at this session.
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There has been no NASA activity during the past year and a
half on weather penetrating sensors following the NASA
sponsored study by Honeywell. He requested that the Panel
formulate a recommendation on future NASA activities in
this area.

High level planning meetings have been held recently between

the Directors of LaRC and ARC to define activities over

and above their research and technology base programs in the

human factors area. Ames Research Center has the lead center
role in these activities and will be responsive to TCV human

factors elements.

With reference to defining present system capabilities

and improvements that the TCV program is projected to achieve,
Mr. Stitt felt that this subject needs more discussion by

the panel.

In regards to having an additional FAA member on the panel,
this will be discussed later in the meeting.

Results of Ames/Langley Conferences on Human Factors

Mr. Alan B. Chambers, Chief of Man-Vehicle Research Division,
Ames Research Center, stated that ARC had informed Langley
personnel of on-going programs which might be applicable

to TCV human factors needs. He provided a compilation

of reports and papers which are products of the Ames human
factors program basic research studies. This compilation

is attached to these minutes as Appendix N. Ames has
received from Langley a listing of areas of suggested Ames
support for TCV. This list includes:

- HUD - role and limitations

- Computer address requirements and techniques

- Decision-making prxocess and assessment during man/
environment/machine interaction '

- Field of view of displays

- Requirements for motion cues for displays
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Discussion:

Mr. Stitt stated that the above list has been sent to ARC
asking them to undertake these activities. Ames will respond
with scope and schedule of the research. Funding has not
been addressed yet.

Mr. Corham said that he is very pleased with this activity.
It should be beneficial to both Centers. It is a step in
the right direction. The Panel will comment when the pro-
gram is defined in detail.

Results of MLS Demonstrations to the All-Weather Operations
Panel, ICAO:

Dr. Thomas M. Walsh, Radar Systems Section, Flight Instru-
mentation Division, Langley Research Center, using the
charts shown in Appendix O, described the TCV B-737
configuration and performance during demonstrations of
TRSB MLS to the AWOP members and technical staff at NAFEC
on May 12-14. Dr. Walsh showed video tapes of the auto-
landings under wind shear conditions and strong crosswinds.

Discussion:

Dr. walsh stated that since the ICAO demonstrations, true
autoland flights have been conducted using body mounted
accelerometers, and the results have been substantially
the same.

Mr. Poritzky was of the opinion that additional work on
autoland using an air data filter technique that obviates

the reed for accelerometer data would not be worthwhile.

Mr. Coolsby stated that this work was being done at the
specific request of the FAA and also in respronse to a

previous recommendation of this panel "to examine the mini-
mum : irborne system elements for MLS approach and landings

and which seeks maximum advantage of the MLS signal quality".
Mr. (reer said that this technique would reduce the complexity
of tle airborne system.
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Mr. Hersh asked if EL-2 is an operational requirement for
MLS. Mr. Poritzky responded that it is not yet a requirement.
He feels that we shall never see EL-2 implemented practically.

In automatic 3-D flight, the volumetric signal coverage

of the TRSB MLS can be exploited with precision to perform
complex curved paths with short turns into final approach
and through landing and rollout.

Improved Approach and Landing Monitoring Displays:

Mr. Samuel A. Morello, Flight Programs Branch, Flight
Research Division, Langley Research Center, described work
underway aimed at improving displays for pilot monitoring
during autoland. He described progress which has been made
since the last Panel meeting. Some modifications have been
made to the displays in the TCV B-737 since the ICAO demon-
strations. Two flight experiments have been conducted at
NAFEC using the thinned array MLS. He explained the Star
and Circle Symbology using charts shown in Appendix P.

Discussion:

Captain DeCelles felt that there were too many sources of
the same information on the display. Mr. Morello stated
that if he is referring to the localizer signal, it would
be used for far out, say five miles, while the runway
symbology would be for close-in work.

Captain DeCelles stated that air carrier pilots will not
land on head-down displays and flight directors. The policy
is to use autoland for touchdown. The pilots want HUD and
raw data display. The scaling of displays need more inves-
tigation on how much can you shrink a display and still

get a real world feeling. He requested that his views

on the most important questions that the TCV program needs
to resolve be appended to these minutes. They are contained
in Appendix Q.
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Mr. Hersh stated that American Airlines has made a study
that shows that conventional displays can be used for
curved, complex approaches down to low altitudes.

Mr. Gorham expressed the view that it is the position of
- commercial airlines that displays will never be used for
actual landings. It is the feeling of industry that dis-
plays will not be used for curved and complex approaches
in very low visibility.

Mr. Stahr stated that he disagreed with Mr. Gorham on

two points. The type of display discussed can be developed
to a point where it will be used for curvilinear approaches.
He can't support the statement that head down displays will
never be developed which are good enough for touchdown. '

Mr. Patten cautioned that the TCV program should not get
hung up on having an aft cockpit and having to use it. He
agreed that the TCV B737 should be flown in the MLS environ-
ment, but don't get hung up with display symbology because
of the aft cockpit. He observed that Ames has been asked

to work on HUD while Langley is now working the head down
display. Mr. Stitt said that this will provide technology
options on which to base logical decisions. Mr. Patten
restated his caution that he feels that Langley is getting
hung up on display symbology.

Mr. Poritzky stated that there will be electronic displays
in aircraft, and this work is aimed at seeing how you can
use them. Sam Morello's work is entirely separate from
MLS. Air carriers are going autoland but not beyond CAT
IIIA. He feels enthusiastic about this work. It is a
weeding process. He stated that the ICAO demonstration
was good work in a short time, and many people commented
on the benefits of it.

Captain Henderson stated that we have to have some weeding
out process in R&D.

Mr. Gorham stated that the use of flight directors for landing
had been weeded out long ago by others. He agreed with

Mr. Stahr and Mr. Poritzky on tke need to do work on
electronic displays. The real need is to find out the

best way to let the pilot know what the autoland system is
doing.
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Mr. Poritzky said that there are many schools of thought
on how to monitor what is going on. The activities just

explained by Mr. Morello is examining one method.

Mr. Andersen again stated that he would like for NASA to
define the deliverable products from this research.

Mr. Creer said that this\is often a difficult problem.

He has asked industry on several occasions how they like
the results of technology to be presented. How should
information be categorized and cataloged? There is a

need from industry to define what are desirable deliverable
products.

Mr. Gorham agreed with Mr. Creer. He stated that he and
ARC personnel have thought a lot about this problem and
haven't come up with an answer. Trends are important,

not design handbooks. The format of the data which indus-
try might need and use has not been defined well.

Mr. Stahr felt that some good points have been made. NASA
has to have some industry help on how data can be made
available for call up. NASA reports are not the whole
answer.

Mr. Poritzky pointed out that there are two kinds of data
from technology efforts. For example, given that a short
final approach will buy some advantages, it is not too
difficult to document how you can do it. Human factors
areas are different and require different reporting of
the data that is gathered and analyzed.

Mr. Patten asked if NASA has read an Army report on Pathway-
in-the-Sky (15 years ago). The methodology of that report
may be helpful. He stated that he had not seen a single

report of any kind as an output of the TCV program. Mr. Stitt

asked Mr. Reeder to make out another bibliography of reports
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and a package of reports and send to each member. (Executive
Secretary's NOTE: Appendix III of the minutes of the meeting
of the Ad Hoc Panel on TCV, September 10-11, 1975, contained
a bibliography of Langley reports relating to TCV program
activities)

Airline Crew Scan, Performance Measures and Workload Study:

Mr. Amos A. Spady, Simulation and Human Factors Branch,
Flight Dynamics and Control Division, Langley Research
Center, used the charts shown in Appendix R to describe
progress since the last meeting on the use of the oculometer
in measuring pilot instrument scan patterns and the results
of a NASA sponsored Honeywell workload study.

Discussion:

Mr. Spady estimated that the oculometer will be used in

Sam Morello's display simulations in September. The equip-
ment cannot go in an aircraft now because of its bulk.
However, a model should be available for aircraft use

around the first of the year. He stated that a dim red
light is the only indication to the pilot of the presence

of the oculometer. The pilot is free to move his head with-
in a volume of one cubic foot.

Following a film clip of a pilot scan during the simulations
at Piedmont Airlines, Captain DeCelles observed that the
film clip really illustrates what is wrong with present
instrument panels. He also commented that when the
simulations recommence at Piedmont with an improved oculo-
meter after the first of the year, it is important to

study during the transition period when the pilot looks

out of the cockpit then looks back in,what does the pilot
look at.

Mr. Gorham stated that the oculometer and timeline analysis
work impresses him. This is the first truly scientific
approach to the problem. He hopes that the results of

this work can be used to design a better cockpit. Hopefully
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the output would be techniques to better cockpit
design and a timeline for measurement of how good it is.

Mr. Creer inquired on how the data from these efforts is
going to be used to design better cockpits. Mr. Spady
replied that one use is in modelling. He explained that
this program is new and he is not sure of the total use.
Mr. Stitt said that these tools can be used to look at

new display concepts. It will be a prime tool in looking
at display concepts. Mr. Hersh observed that besides being
a design tool, the oculometer can be useful in training.

Mr. Patten stated that the work just described is an example
of work which will be useful to industry. It should be
especially useful in taking personal opinion out of the

HUD versus head down display arguments.

Mr. Stahr said this program could provide valuable human
factors information. For example, crew members could be
asked what they think they do and then they could be shown
what they actually do.

The Panel expressed strong interest in an endorsement of

this program. Accordingly, the Panel drafted and unanimously
endorsed the following Resolution:

Resolution on the Use of Oculometer as a Research Tool

It is resolved that:

The RTAC, Ad Hoc Panel on Terminal Configured Vehicles
believes that the oculometer work being done is well
organized and managed. It has considerable potential

in developing new cockpit display arrangements including
display concepts, and for flight training improvement.

Since electronic displays are capable of displaying

an infinite variety and arrangement of data, this effort
should also be useful in practically enhancing the

value of electronic displays.
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The Panel also commented that there are significant learning
opportunities in the human factors area from the use of
questionnaire/interview sessions with airline pilot subjects,
both before and after the pilot conducts simulated approaches,
and again after the pilot is permitted to view the results

of his actual scan pattern.

TCV Program Activities in Fy 1977:

Mr. James Hall, TCV Program Office, Langley Research Center,
summarized TCV related research tasks which will be active
during the next six months and from which some results

may be expected before the next Panel meeting. The work
falls into three areas or categories: MLS automatic con-
trol, aircraft systems, and crew systems. MLS automatic
control encompasses close-in final (less than 1% miles),

new control laws for the MLS environment, reduced sensor
complexity and MLS volumetric coverage evaluation. Aircraft
systems includes improved handling qualities, sidearm con-
troller analysis and simulation, direct 1lift control study
and simulation, and performance evaluation system development.
Traffic situation displays, approach path displays, landing
monitor, and human factors investigations will be active
under crew systems integration.

Discussion:

Mr. Poritzky wanted to know the point of the work on reduced
MLS sensor complexity and MLS volumetric coverage evaluation.
He stated that Ames had done a lot of work on MLS volumetric
coverage requirement. Mr. Stitt explained that the reduced
MLS sensor complexity involves investigating, as recommended
at the last Panel meeting, the minimum airborne system elements
for MLS approach and landings and which seeks maximum
advantage of the MLS signal quality. This does not imply
any changes in the ground system. He stated that the FAA
had specifically requested a flight demonstration of the

use of an air data filter technique that obviates the need
for accelerometer data. Langley personnel will discuss

with FAA the need for any additional data on MLS volumetric
coverage. If none, this activity will be dropped.
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Mr. Poritzky asked what will be the output in the other
three areas under MLS automatic control development.

Mr. Reeder stated that new flare laws and autopilot improve-
ments are needed in order to be able to do other research
tasks.

Mr. Gorham opined that CTOL flare law work in advance of
what is being used in the TCV 737 aircraft is already
available. He observed that a lot of the activities de-
scribed by Langley appear to be needed to make the TCV 737
a better tool to do its technology work later. It is not
at this time aiding directly technology advancement.

Mr. Creer asked for an explanation of the item "TCV 737
Handling Qualities". Mr. Reeder responded that this effort
would provide a baseline documentation of the modified

737 handling qualities. Mr. Hersh stated that he couldn't
understand this work on the B-737 since the B-737 handling
qualities are well known, and it has very satisfactory
handling gualities.

Mr. Stahr observed that a lot of these discussions showed
that many had lost sight of the basic premise of the TCV 737.
It has been extensively modified to make it a better tool

in simulating future aircraft in a future ATC environment.
The work at Langley is not directed at improving the B-737's
now in the current fleet of air transport aircraft.

Captain Henderson stated that he hopes that Langley person-
nel are aware of the work that Lockheed and Douglas have
done in direct lift control, Mr. Gorham stated that direct
lift control technology was already in hand and was well
documented. Mr. Goolsby responded that the TCV task was

not concerned with the design of direct lift control systems
but rather to see how direct lift control systems could

ease the pilot workload in complex approach paths under

MLS guidance. The work was supported by the Panel during
its previous meeting.

Mr. Poritzky pointed out that what is apparently causing
some confusion to the assembled group is that the TCV tasks
have been given ambiguous titles. He stated that this
could be avoided if the tasks were more precisely labeled.
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Mr. Anderscen inquired about the amount of manpowcr bheing
applicd to the aircraft systems arca. Mr. Taylor responded
that threc in-house and one contractor man-year were being
expended on the whole aircraft system package.

Mr. Gorham stated that these discussions had revealed that
during the next six months, TCV program activities will
consist of:

- putting deficiencies right in the TCV 737.

- getting thec aircraft ready for technology experiments.
- improving the capabilities of the TCV 737 to give
it increased capabilities for simulation of advanced
aircraft in a future ATC environment.
Mr. Poritzky stated that it seems that this is work which needs

to be done.

Request For Panel Recommendations:

Mr. Reeder asked for Panel recommendations for NASA action
with regard to weather penetrating sensors and a NASA
program in helping to define the pilots' role in a future
ATC system.

Discussion:

Captain DeCelles stated that no one is interested in turning
over to the pilot what the controller does on the ground.
However, the pilot should provide some redundancy in the
system. He should have data in the cockpit in order that
he can check that the controller is doing the right thing.
Mr. Howell stated that ALPA is concerned about all elements
of the ATC system. The pilot seems to be designed out of
the information cycle. ALPA is very much interested in the
pilot's role. He feels that using an electronic display

in the TCV aircraft is a good means of investigating the
problem to see what the pilot can contribute to the ATC
process.
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Mr. Andersen recommended that an experiment be conduct:d
in the TCV program wherein beacon data is uplinked to
cockpit display to see what the pilot can do with this
information. Dr. Walsh said that by February 1977, the
ground-to-air data link at Wallops Flight Center will e
completed. Working closely with FAA, Tangley will then
continue the work started at MIT in this area. Mr. Re:zder
stated that a trend vector which represents the predic-ed
future aircraft position will ke included on the traffic
situation display.

Mr. Hersh endorsged the task of trying to define the pilot
role in the ATC process. IHe feels that the pilot will
definitely have some ecxpanded roles. Boeing has ke.n
looking into this problem and has lots of data.

Mr. Stitt stated that perhaps NASA should propose a straw-
man program and then discuss it with FAA. One question '
appears to be how far NASA should go in this area.

Mr. Poritzky stated that the role of thce pilot in an‘aito-
mated ATC system needs investigation. However, the FAA

has not yet defined an automatic ATC system. He cautioned
that NASA should not redo what MIT and others have alr:ady
done. The area which should be investicated 1s to what
degree can a pilot assimilate ATC informat ion and act o>n it
in a busy terminal area. He suggested that NASA not Liild
equipment but to study and analyze. Work closely with FAA
to get an indication of what could be done.

Mr. Stahr said that he had been trying to get management

of Eastern Air Lines interested in flight experiments of
this nature. He feels that NASA's human factors personncl
should work with airline pilots in real ATC environments.
For example, a captain can help the controller predict

‘the time he will be over fixes and make changes 1if the con-
troller desires it.

Mr. Poritzky fecls that NASA should not get involved in
the areas of distributed/strategic ATC concepts. 1If the
U.S. should ever have an automatic ATC system, the role of
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the pilot needs definition. 1le feels this is nol wilthin
NASA's role to investigate. Mr. Gorham [eels thal maybe
some parts of it could properly be.  Mr. Poritzky responded
that the interface between the pilot hnd controller is a
crucial one and should be well defined. Therc cannot be
two people in charge at the same time. FAA should first
dcfine automatic ATC.

Mr. Creer didn't ~gree with this approach. He feels that
it may be better to work the pilot's role and automatic
ATC together.

Mr. Erwin raised tie question of the meaning of getting

the pilot involwv~i in the ATC process. e asked 1t

looking o:t of the cockpit window and guestioning con-
flicting =ircraft 1s getting involved in ATC. It certainly

i+ safety related but not real ATC involvement.

Relative to wezther penctrating sensors, Mr. Poritzky recom-
mended that NASA conduct a scientific investigation of
weather pcnetrating sensors. This should not replow old
ground on old sensors and result in a summary of past work.
He feels that there has been some recent real progress in

IR sensor systems.

Mr. Gorhem summarized the discussions by stating that the
panel would not like to give NASA any specific recommenda-
tions at this time. The panel would prefer to present

at a later timc well thought out recommendations which
have been agreed to by a majority of Panel members.

Mr. Poritzky recommended again that FAA have two representa-
tives on the Panel. One should be from Flight Standards
gservice and one from the Office of Systems Engineering
UTnagemert.. o

“he meeting was adjourned at 2:40 p.m., July 22, 1976.
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135.
AMES HUMAN TACTORS PROGRAM
" BASIC RESEARCH STUDIES
f i
1. SENSORY MECHANISMS

a. VISUAL ACCOMMODATION EFFECTS ON DISPLAY PERCEPTION

Roscoe, Stanley, N. "Ground-referenced visual orientation:
judgments of size and distance.” Technical Report, Aviation Research
Laboratory, Institute of Aviation, University of Illinois at Urbana-
Champaign. April, 1975.

Roscoe, Stanley N. "Ground-referenced visual orientation in
flight control tasks." Technical Proposal TP75-100, HAC ref. no.
75-22-10029/D5850-001, Hughes Aircraft Company, Aerospace Group,
Culver City, California. June, 1975.

b. PERIPHERAL VISUAL CUE PERCEPTION AND UTILIZATION

Haines, R. "Peripheral Visual Response Time and Visual Display
Layout." (Available from author).

Haines, R. "Effect of Passive 70 Degree Head-Up Tilt on
Peripheral vVisual Response Time." J. of Applied Physiology, Vol. 34,
No. 3, March, 1973.

Haines, R., Dawson, L.M., Galvan, T. and Reid, L.M. "Response
Time to Colored Stimuli in the Full Visual Field." MNASA TN D-7927,
March, 197S5.

2. INFORMATION PROCESSING

a. VISUAL PERCEPTION DISTORTIONS WITH ARTIFICIAL SCENES

Palmer, E. and Petitt, J. "Vvisual Space Perception on a Computer
Graphics Night visual Attachment." (AIAA Paper available from author).
Palmer, E. and Petitt, J. "Difference Thresholds for Judgments

of Sink Rate During the Flare." (AIAA Paper available from author).
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b. SIGNAL DETECTION FOR LANDING DECI3IO!N EVALUATION

Tanner, T. A. "Signal Recognition as an analog to Decision-making
in Limited Visibility Landing.” Applications of Rasearch on Human
Decision-making, Symposium held at Ames Research Center, California,
January 31 - February 2, 1968. NASA SP-209.

c. DYNAMIC DECISIONS WITH CHANGING SIGNAL-TO-NOISE RATIO

Curry, R. and Gai, E. '"Decision Goals in Signal Detection and
Recognition." Presented at the Tenth Annual Conference on Manual Control,
Wright-Patterson AFB, April 9-11, 1974.

Curry, R., Kleinman, D. and Hoffman, W., "A Model for Simultaneous
Monitoring and Control."™ Proceedings of the Elaventh Annual Confersnce
on Manual Control, NASA-Ames Research Center, Moffett Field, California,
NASA TMX 62,464, May 1975.

Curry, R., Lauber, J. and Billings, C., "The Simulation of Stress
During Low Visibility Approaches.™ Proceedings of the Eleventh Annual
Conference on Manual Control, NASA-Ames Research Center, Moffett Field,
Callfornla, NASA TMX 62,464, May 1975.

Curry, R. and Ephrath, A., "Monitoring and Control of Unreliable
Systems." Presented at the International Symposium on Monitoring
Behavior and Supervisory Control, Berchtesgaden, W. Germany, March 1976.

Curry, R.E. and Govindaraj, T., "The Psychophysics of Random
Processes." Twelfth Annual Conference on Manual Control, May 25-27, 1976,
Unlver51ty of Illinois (Proceedings in process as NASA SP) .

Ephrath, A., "Detection of System Failures in Multi-Axes Tasks.
Proceedings of the Eleventh Annual Conference on Manual Control, NASA-
- Ames Research Center, Moffett Field, California, NASA TMX 62,464, May 1975.

Ephrath, A., "Pilot Performance in Zero- -Visibility Precision
Approach.” NASA CR-137759, October 1975.

Ephrath, A.R., "The Effects of Control Modes on Fault Detection
Performance at a Constant Workload." Twelfth Annual Conference on
Manual Control, May 25-27, 1976, University of Illinois (Proceedings
in process as NASA SP).

Eprath A.R., "A Novel Approach to the Cross-adaptive Aux1llary
Task." Twelfth Annual Conference on Manual Control, May 25-27, 1976,
Unlver31ty of Illinois (Proceedings in process as NASA SP).
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Gai, E. and Curry, R., "Failure Detection by Pilots During Auto-
matic Landings: Models and Experiments.” Proceedings of the Eleventh
Annual Conference on Manual Control, NASA-~-Ames Research Center, Moffett
Field, California, NASA TMX 62,464, May 1975.

Gai, E., "Psychophysical Models for Signal Detection with Time-
Varying Uncertainty." NASA CR-137734, September 1975.

COMMUNICATIONS AND LINGUISTICS

a. SUPERVISORY CONTROL OF AUTOMATIC SYSTEMS

Sheridan, T.B., "Review of International Symposium on Monitoring
Behavioxr and Supervisory Control (Berchtesgaden, F.R., Germany, March
1976), Twelfth Annual Conference on Manual Control, May 25-27, 1976,
University of Illinois (Proceedings in process as NASA SP).

Sheridan, T.B. and Tulga, M.K., "Modeling Task Allocation in
Flight Management: Preliminary Developments."” Twelfth Annual Conference
on Manual Control, May 25-27, 1976, University of Illinois (Proceedings
in process as NASA SP).

b. PILOT INTERACTION WITH AUTOMATED AIRBORNE

DECISION-MAKING SYSTEMS

Enstrom, K.D. and Rouse, W.B., "Telling a Computer How a Human Has
Allocated His Attention Between Control and Monitoring Tasks." Twelfth
Annual Conference on Manual Control, May 25-27, 1976, University of
Illinois (Proceedings in process as NASA SP).

Rouse, W.B., Chu, ¥-Y. and Walden, R.S., "An Experimental Sjtua-
tion for Study of Pilot Interaction with Automated Airborne Decision-
Making Systems." Twelfth Annual Conference on Manual Control, May 25-27,

1976, University of Illinois (Proceedings in process as NASA SP).

Rouse, W.B. and Greenstein, J.S., "An Experimental Situation for
Study of Human Decision-Making in Multi-Process Monitoring." Twelfth
Annual Conference on Manual Control, May 25-27, 1976, University of
Illinois (Proceedings in process as NASA SP).
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STRESS AND WORKLOAD

a. TIME PERCEPTION AND WORKLOAD

and Huff, E., "The Influence of Distraction on the

Hart, S.
Western Psychological Association, Sacramento,

Perception of Time."
California, April 1975.

Hart, S., "Time Estimation of A Secondary Task." Proceedings of

the Eleventh Annual Conference on Manual Control, NASA-Ames Research
Center, Moffett Field, California, NASA TMX 62,474, May 1975.

Hart, S.G. and Mc Pherson, D., "Airline Pilot Time Estimation
During Concurrent Activity Including Simulated Flight." Preprints of
1976 Annual Scientific Meeting, Washington, D.C.: Alerospace iedical
Association, 1976.
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AMES HUMAN FACTORS PROGRAM

FUNDAMENTAL MISSION STUDIES BY SIMULATION OR FLIGHT

COORDINATED COCKPIT DISPLAYS

Baty, D., Wempe, T., and Huff, E. "A Study on Aircraft Map
Display Location and Orientation.” Presented at the Ninth Annual
Conference on Manual Control, M.I.T., May 23-23, 1973.

Baty, D., "An Evaluation of a Predictor Used With Two Different
Aircraft Map Display Orientations." Presented at the Tenth Annual
Conference on Manual Control, Wright-Patterson AFB, April 9-11, 1974.

Baty, D.L., "Introduction to a Coordianted Cockpit Display (CCD)
Concept." Twelfth Annual Conference on Manual Control, University of
Illinois, May 25-27, 1976 (Proceedings in process as NASA SP) .

Kreifeldt, J. and Wempe, T., "Pil>t Performance During a Simulated
standard ‘Instrument Procedure Turn With and Without a Predictor Display."”
Presented at the Ninth Annual Conference on Manual Control, M.I.T.,

May 23-25, 1973.

Murphy, M., McGee, L., Palmer, E., Paulk C. and Wempe, T.,
"gimulator Evaluation of Three Situation and Guidance Displays for V/STOL
Zero-Zero Landings." Presented at the Tenth Annual Conference on Manual
Control, Wright-Patterson AFB, April 9-11, 1974.

WARNING SYSTEMS

Simpson, C. and Williams, D., "Human Factors Research Problems in
Voice Warning System Design." Proceedings of the Eleventh Annual Confer-
ence on Manual Control, NASA-Ames Research Center, Moffett Field, Calif.,
NASA TMX 62,474, May 1975.

Wempe, T., "Flight Management - Pilot Procedures and System Inter-
faces for The 1980-1990's." AIAA Paper No. 74-1297, Arlington, Texas,
1974.
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DISTRIBUTED AIR TRATFTFIC CONTROL

Kreifeldt, J. and Wempe, T., "Future Concepts in Terminal Air
Traffic Management." Proceedings of the Tenth Annual Conference on
Manual Control, Wright-Patterson AFB, April 1974.

" Kreifeldt, J. and Wempe, T., "Human Decision Making in Future ATC
Systems." Proceedings of the International onfareance on Systems, Man
and Cybernetics, IEEE, Dallas, Texas, October 1974.

Kreifeldt, J., Pardo, B., Wempe, T. and Huff, E., "Verbal Workload
in Distributed Air Traffic Management." Proceedings of the Eleventh
Annual Conference on Manual Control, NASA-Ames 2esearch Canter, Moffatt
Field, Califormia, NASA TMX 62,474, May 1975.

Kreifeldt, J., Parkin, L., Wempe, T. and Huff, E., "Subjective
Evaluation with FAA Criteria - A Multidimensional Scaling Approach.”
Proceedings of the Eleventh Annual Conference on Manual Control, NASA-

Ames Research Center, Moffett Field, California, NASA TMX 62,474, May 1975.

Kreifeldt, J.G. and Wempe, T.E., "Implications of a Mixture of
Aircraft With and Without Traffic Situation Displays for Air Traffic
Management."” Twelfth Annual Conference on Manual Control, University of
Illinois, May 25-27, 1976 (Proceedings in process as NASA SP).

TRAFFIC SITUATION DISPLAY AND 4D RNAV I!i TERMINAL AREA

MANEUVERS

Many past reports -- research ongoing.
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AMES HUMAN FACTORS PROGRAM

PRIOR HUD STUDIES

Bourquin, K., Palmer, E., Cooper, G. and Gerdes, R., "Initial
Flight and Simulator Evaluation of a Head-Up Display for Standard and
Noise Abatement Visual Approaches." NASA TMX-62,187, 1972.

Cronn, F. and Palmer, E., "Comparison of Two Head-Up Displays in
Simulated Standard and Noise Abatement Night visual Approaches.” NASA
TMX-3264, July 1975.

Dwyer, J. and Palmer, E., "A Comparison of Three Methods of
Presenting Flight Vector Information in a Head-Up Display During
Simulated STOL Approaches." NASA TMX-3273, July 1975.

Palmer, E., "Night Visual Approaches - Pilot Performance With and
Without a Head-Up Display." NASA TMX-62,188, 1972.

pPalmer, E. and Cronn, F., "Head-Up Displays for STOL Visual
Approaches.” Presented at the STOL Technology Conference, Ames Research
Center, Moffett Field, California, October 1972.
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APPENDIX Q

The most important questions which Captain Larry DeCelles

feels that the TCV Program will need to resolve.

1.

Will mode annunciation and failure warning
constitute an acceptable basis for enabling
the pilot to monitor the autoland system or
will it be necessary to provide adequate
instrumentation for all phases of the approach
and landing, including, of course, de-crab,
flare, touchdown, and roll out?

If adequate instrumentation for all phases of
approach and landing is required, can it be
provided by instrumentation which will not
enable the pilot manually to perform the auto-
mated function?

If the required instrumentation must enable
the pilot manually to perform the automated
function, will it be acceptable to accomplish
this requirement by providing command (i.e.,
flight director) guidance in lieu of adequate
situation data?

If presentation of situation data for manual
control is necessary, can this data be dis-
played on a smaller than real world scale?
If so, what is the minimum adequate ratio
between the scale of the display and the
scale of the real world as seen through the
cockpit windshield?

If the instrumentation required for monitor-
ing the autoland operation is displayed on

the "head down" instrument panel, will the pilot
be able to acquire and maintain the proficiency
and confidence essential for relying upon the
display when external visual reference is
either nonexistent or inadequate?
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Aside from the five foregoing questions, will
a "head down" display provide adequate assis-
tance to the pilot during the pefiod of
transition from instrument to visual flight
when the external visual reference is inade-
gquate for vertical guidance?
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FUTURE AIRLINE WORK

OUT OF THE WINDOW (VITAL I1)

TRANSITION BETWEEN INSTRUMENT PANEL
AND OUT OF WINDOW

CO-PILOTS SCAN PATTERN
EMERGENCIES
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